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(57) ABSTRACT 

Digital pixel data is transferred from a computer system to 
video display hardware in a forward direction. However, 
there are many reasons for digital pixel data to be transferred 
in both directions along a cable connecting a computer and 
a monitor This invention describes a method of sending 
digital data from a monitor back to the computer in a reverse 
direction. In transmission of digital pixel data in a fonvard 
direction, there are horizontal and vertical blanking periods 
during which special characters are transmitted in order to 
resynchronize the digital pixel data to a clock signal. In such 
a system the transmission of these special characters only 
requires a portion of the blanking periods. During the 
remainder to the blanking period, some of or all of the data 
paths can be used in order to transmit digital data in a reverse 
direction. Where all data paths are used, the beginning and 
end of the usable portion of the blanking periods may last for 
a fixed number of clock cycles. Alternatively, the beginning 
and end of the usable portion of the blanking periods may be 
indicated by signals transmitted in a forward direction over 
one of the data paths, where all data paths are not used in a 
reverse direction. 

23 Claims, 8 Drawing Sheets 
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BI-DIRECnONAL DATA TRANSFER USING 
THE VIDEO BLANKING PERIOD IN A 
DIGITAL DATA STREAM 

RELATED APPUCATION 

The application claims the benefit of U.S. Provisional 
AppUcation No. 60/099,821, filed Sep. 10, 1998. 

BACKGROUND OF THE INVENTION 

Most computer systems consist of a processor unit and a 
number of peripheral devices coupled to the processor imit. 
The peripheral devices send and receive information to and 
from the processor and, typically, each peripheral device is 
separately connected to the processor unit by an individual 
set of cables, with each set of cables having a number of 
wires. The wires may be used for transferring information 
from the processor unit to the peripheral, as in the case of 
digital pixel data transferred to an active matrix flat panel 
display; or, the wires may used for transferring digital 
information from the peripherals to the processor unit, as in 
the case of digital data transferred from a keyboard or mouse 
to the processor unit. The information may be transferred 
serially or in parallel, depending upon the number of wires 
and the communications protocol used to transmit the infor- 
mation. 

FIG, 1 illustrates a conventional computer system 100 
having a processor unit 101 and a number of peripherals 
coupled to the processor. The peripherals include a keyboard 
102, a mouse 103, a display 104, a digital camera 105, and 
a pair of speakers 106a and 106^. As shown in FIG. 1, each 
of the peripherals is coupled to the processor unit through an 
individual cable assembly. Accordingly, the display 104 is 
coupled to the processor 101 through cable assembly 110, 
the keyboard 102 is coupled to the processor 101 through 
cable assembly 111, the mouse 103 is coupled to the 
processor 101 throug^i cable assembly 112, the digital cam- 
era 105 is coupled to the processor 101 through cable 
assembly 114, and the pair of speakers 106a and 1066 are 
coupled to the processor 101 through cable assemblies 115a 
and 1156. Each cable assembly may require a number of 
wires for communicating information back and forth 
between the processor 101 and the particular peripheral As 
can be seen firom FIG. 1, this conventional computer system 
100 requires a large number of wires to be coupled directly 
to the processor 101. This configuration is undesirable for a 
myriad of reasons, which should be obvious to one of 
ordinary skill in the art. 

In order to reduce the number of wires that the user must 
connect to a processor unit, information may be sent to and 
from a hub system over a limited number of wires coupled 
between the processor and the hub system, where the 
information is then routed to the proper peripheral. The hub 
system may be designed as a stand alone device or it may, 
preferably, be implemented within one of the peripherals, 
with eadi of the other peripherals being coupled thereto. 
FIG. 2 illustrates a computer system 200 having a hub 
system 201 coupled to a processor unit 202. In the prior art 
embodiment illustrated in FIG. 2, the hub system 201 is 
implemented within a display 203 and is fully integrated 
within the display 203. Additional peripherals, such as a 
keyboard 204, a mouse 205, a digital camera 206 and a pair 
of speakers 207a and 2076 are each coupled to the hub 
system 201. The hub system 201 acts as a pass through port 
or routing system and routes information between each of 
the peripherals and the processor unit 202. 

As shown in FIG. 2, the processor unit 202 and the hub 
system 201 are coupled together by two different cable 
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assemblies 210a and 2106. Preferably, one of the cable 
assemblies 210a is used for transferring digital pixel data to 
the display 203 in a first direction; and, the other cable 
assembly 2106 is xised for communicating serial digital data 

5 back and forth between the processor unit 202 and each of 
the other peripherals coupled to the hub system 201, Each 
cable assembly has a limited number of wires, such that this 
configuration is preferable over the prior art system illus- 
trated in FIG. 1. In a conventional computer system, cable 
assembly 210a may be configured to transmit digital pixel 
data to display 203 using any one of several applicable 
Uansmission protocols such as TDMS (Transition Mini- 
mized Differential Sensing), LVDS (Low Voltage Differen- 
tial Sensing), or analog RGB communications. Cable assem- 

J5 bly 2106 may be configured to transmit digital data using 
any applicable digital communications protocol such as the 
USB (Universal Serial Bus) standards. 

Digital pixel data intended to be displayed by display 203 
is received over the first cable assembly 210a, retained, and 

20 properly processed for display by the display 203. The serial 
digital data intended for any of the other peripherals is 
received over the second cable assembly 2106, passed 
through the hub system 201, and routed to the proper 
peripheral. Accordingly, each of the other peripherals sends 

25 information to the processor unit 202 or receives infonna- 
tion firom the processor unit 202 through the hub system 201 
over cable assembly 2106; while the display 203 receives 
digital pixel data over cable assembly 210a. 
In a computer system wherein TDMS communications 

30 are used for transferring digital pixel data, cable assembly 
210a will include four twisted wire differential pairs. 
Alternatively, in a computer system in which LVDS com- 
munications are used for transferring digital pixel data, cable 
assembly 210a will include five twisted wire differential 

35 pains. In TDMS communications, one twisted wire differ- 
ential pair is used for each of the primary red, green and blue 
digital pixel data streams and the fourth twisted wire dif- 
ferential pair is used for transmitting a clock signal. Systems 
which use LVDS communications transmit digital pixel data 

40 over foiir dual wire pairs, with a fifth dual wire pair used for 
transmitting a clock signal. Twenty four bits of the digital 
red, green blue pixel data are transmitted over four dual wire 
pairs v^th six bits per dual wire pair in order to achieve a 
high transmission rate. Both TMDS and LVDS communi- 

45 cations require a horizontal video blanking period between 
the transmission of digital pixel data for each line in a 
display, and a vertical blanking period between the trans- 
mission of each frame to be displayed. 

FIG. 3 further illustrates the communication of digital 

50 pixel data over cable assembly 210a between processing 
unit 202 and display 203 in a computer system which utilizes 
TDMS communications. As shown, a transmitter 301 is 
implemented within the processor 202 for transmitting digi- 
tal pixel data from the processor 202 to the display 203, A 

55 receiver 302 is implemented within the display 203 having 
a hub system for receiving digital pixel data for display from 
the processor 202. Cable assembly 210a is comprised of four 
twisted wire pairs, with a first twisted wire pair 305a used 
for transmitting red pixel data from the processor 202 to 

60 display 203, a second twisted wire pair 3056 used for 
transmitting green pixel data from the processor 202 to 
display 203, and a third twisted pair 305c used for transfer- 
ring blue pixel data from the processor 202 to display 203, 
The fourth twisted wire pair ^05d is used for routing a clock 

65 signal from the processor 202 to the display 203 for syn- 
chronizing the digital pixel data at the receiver 302. Further, 
as shown in FIG. 3 an enable signal DATA ENABLE is 
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coupled to transmitter 301. When the DATA ENABLE communications protocol such as TDMS or LVDS. 

signal is active, digital pixel data is actively transmitted over However, there are many reasons for digital data to be 

twisted wire differential pairs 305a-305c to display 203. transferred in an opposite direction from any number of 

FIG. 4 illustrates a timing diagram which shows wave- peripherals to a processor in the computer system. This 
forms for the forward transfer of digital pixel data to the 5 invention describes a method of sending digital data from 

display 203. As shown in the timing diagram, when the any number of peripherals to a processor in a computer 

DATA ENABLE signal is active, digital pixel data for a system in a reverse direction over a set of lines couple 

single hue in the display is transferred to display 203 over between the processor and a display. Transmission of video 

hvist^ wire differential pairs 305«-305c. When the DATA ^ata over a set of lines coupled between the processor and 

ENABLE signal is inactive, no valid digital pixel data is ^t,, display typically requires horizontal and vertical video 

transmitted over the twisted wire differential pairs ui 1 • • j j • u- u • 1 i_ * 

305a-305c. Between lines this is known as the horizontal P^"^^ ^^"^^ "^^f" '^'"t'^ characters are used to 

video blanking period. Between frames this is known as the ^^^3^.^!^°°^ the forward transmission of a next hue or a 

vertical video blanking period. FIG. 4 illustrates both the firstknemanextframeof digUal p^l datato a clo^ 

horizontal and vertical video blanking periods. As shown, ^^^'^ ^ ^y^^^^* ^^^^ °f ^^"^ ^o^^^^ direction data 

the vertical blanking period is much longer than that hori- P^^^ "turned around" m order to transmit digital data 

zontal video blanking period. A brief sampling of synchro- ^ reverse direction during the horizontal and vertical 

nization data is pulsed over all three twisted wire differential video blanking periods. The beginning and end of the usable 

pairs 305a-305c during the horizontal and vertical video portion of the horizontal and vertical video blanking periods 

blanking periods in order to resynchronize the three color may be automatically programmed such that all of the lines 
channels (red, green and blue) before digital pixel data for 20 may be used for reverse transmission of digital data, wherein 

a next line to be displayed or a first line in a next frame is the usable portion is predefined and all lines automatically 

transferred. However, as shown in FIG. 4, the transmission switch back and forth from forward direction to reverse 

of the synchronization data is only a small segment of the direction and back again at predefined times. Alternatively, 

horizontal or vertical blanking period. During the remainder one of the lines may be used to mark the usable portion of 
of the horizontal and vertical video blanking periods no data 25 the horizontal and verical video blanking periods, wherein 

^ *rai^ferred over the three twisted wire differential pairs aU other lines are "turned around" and the one line continues 

305fl-305c. transmit data in a forward direction, thereby indicating the 

It IS understood that almost aU know methods or protocols useable portion of the horizontal and vertical video blanking 

I^?/^' P"^^^ ^^'^ ^ ^^^^y (^'"'^^ periods. A separate line carrying a clock signal may be used 
TOMS, LVDS and analog RGB signalmg) each require 3^ to clock data in both directions of data transmission, 
horizontal and vertical video blanking penods between the 

transmission of digital pixel data for each line in the display, BRIEF DESCRIPTION OF THE DRAWINGS 

or between each firame to be displayed. The length or ^.t^ * 

duration of the horizontal or vertical video blanking periods ^ ^^ustrates a convenuonal computer system having 

may vary from system to system depending upon the type of ^ processor umt and a number of penpherals coupled to the 

communications protocol used and the number of pixels per processor; 

line (i.e. the size or dimensions of the display). The current FIG. 2 illustrates a conventional embodiment of a com- 

invention uses these video blanking periods for the bidirec- puter system having a hub system coupled to a processor 

tional communication of digital data in a reverse direction unit which utilizes two uni-directional cable assemblies for 

from a display with built-in hub system to the processor. communications between the processor unit and the hub 

Referring again to FIG. 3, cable assembly 2106 will also system; 

include a number of wires for transferring digital data back piG. 3 iUustrates a prior art system for transmitting digital 

and forth between each of the penpherals coupled to the pixel data in a forward direction over a first set of wires 

display with built-m hub system and the processor unit. The ^^^^^ 3 processing unit and a display and receiv- 

number of wires is dependent upon the particukr system ^ digital data in a second direction over a second set of 

configuration. For example, it is desu-able to be able to 45 „Z^^ zL, ^ *^ ♦u • % j *u j- 1 

a:^* 1 j * ™ *t. j- •* 1 * 4U Wires coupled between the processmg unit and the display; 
transmit digital data fi-ora the digital camera to the processor, , *^ ^ ^ 
whUc also transmitting data from the mouse or keyboard and ^ illustrates a timing diagram which shows wave- 
accordingly multiple wires are required. Accordingly, as iorms for the conventional forward direction transfer of 
shown in FIG. 3, the processor unit 202 fiirther includes a digital pixel data to a display; 

receiver 310, while the display 203 with hub system includes 50 FIG. 5 illustrates a preferred embodiment of a computer 

a transmitter 315. The transmitter 315 of the display 203 system having a processor and display terminal coupled 

with hub system routes digital information incoming from together with bi-directional data transfer over a single set of 

the other peripherals coupled to the display 203 to the wires in accordance with the present invention; 

receiver in the processor 202 pj^g -^^^^^^^ waveforms showing the transmis- 

While the computer system illustrated in FIG. 3 may digital data in a reverse direction in a preferred 

H t»ie overall number of cable assemblies coupled embodiment of the present invention; 

du-ectly to the processor 202, It is sUll undesirable because r^rr. ^ n . , 

it still requires a large number of wires and two differem ^ illustrates an alternate embodiment for 

cable assemblies. Accordingly, what is needed is a simpler 01-directional data transfer over a single set of wires m 

system for linking the processor unit with the hub system accordance with the present invention; and 

without requiring multiple cabling assemblies which also FIGS. HaSc illustrate waveforms showing the transmis- 

reduces the number of wires coupled to the processor, sion of digital data in a reverse direction in an alternate 

thereby reducing costs and improving the ease of use of the embodiment of the present invention, 

DETAILED DESCRIPTION OF PREFERRED 

SUMMARY OF THE INVENTION EMBODIMENTS 

Digital pixel data is transferred from a computer system In a computer system having a processor, a video display 

to video display hardware in one direction using a known with built-in hub system, and several additional peripherals 
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coupled to the video display with built-in hub system, digital understood that other peripherals may be coupled to the 

pixel data for each line in a video display is transferred firom display terminal 402. 

the processor to the video display in a first direction over a In this way, the display terminal of FIG. 5 is similar to the 

series of wires or differential pairs whenever a data enable display terminal illustrated in FIG. 2. However, unlike the 

signal is active. When the data enable signal is inactive, 5 display terminal 203 shown in FIG. 2, display terminal 402 

digital pixel data for and corresponding control signals for a shown in FIG. 5 is coupled to the processor 401 through a 

next hne in the video display are resynchronized. This is single cable assembly having four twisted wire pairs 

known as a horizontal video blanking period. During this 405fl-rf. No additional wires or wire pairs are reqiiired to 

horizontal video blanking period, no valid digital pixel data transmit digital data in a reverse direction. Instead, using the 

is transferred over the series of wires or differential pairs, bi-directional data transfer system of the present invention, 

Further, between frames, the data enable signal is also the computer system of FIG. 5 is able to transfer digital pixel 

inactive and digital pixel data and corresponding control data from the processor 401 to the display terminal 402 in a 

signals for a first line in a new frame to be displayed are forward direction, and is further able to transfer digital data 

synchronized. This is known as the vertical video blanking from any of the peripherals coupled to the display terminal 

period. The invention allows for bidirectional data transfer ^5 402 to the processor 301 in a reverse direction over the four 

over the series of wires or differential pairs coupled between twisted wire pairs 40Sa-d within a single cable assembly, 

between the processor and the video display with built-in Preferably, in the system of FIG. 5, the processor gener- 

hub system during the horizontal and vertical video blanking ates digital pixel data for display on the display terminal 402 

periods. and this digital pixel data is transferred in a forward direc- 

In the present invention, red, green and blue digital pixel 20 lion from the processor 401 to the display terminal 402 over 

data is transferred over a plurality of wires in a first direction three of the four wire pairs 405fl, 405fe and 405c whenever 

using a know digital communications protocol such as the data enable signal is active. In the embodiment illus- 

TDMS or LVDS. The digital pixel data is transferred from trated in FIG. 5, the digital pixel data is transferred using the 

the processor to the display terminal whenever a data enable TDMS communications protocol. When the data enable 

signal is active. However, when the data enable signal is 25 signal is inactive, no valid digital pixel data is transferred 

inactive, then digital data may be serially transmitted in a from the processor 401 to the display terminal 402. This may 

reverse direction from the display terminal with hub system occur during the horizontal video blanking period or the 

over all or some of the wires in the plurality. In this way, vertical video blanking period. During these horizontal and 

bidirectional data transfer is accomplished and the number vertical video blanking periods, when the data enable signal 

of wires coupled between the processor and display terminal 30 is inactive, the processor resynchronizes digital pixel data 

with hub system is reduced. and the clock signal for a next line to be displayed on the 

FIG. 5 illustrates a computer system which incorporates a display terminal or a first line in a next frame. However, the 

preferred embodiment of the bidirectional data transfer resynchronization process requires only a fraction of the 

system of the present invention. In the computer system horizontal or vertical video blanking period. During the 

illustrated in FIG. 5, a processor 401 includes a transmitter 35 remainder of the horizontal and vertical video blanking 

406, a receiver 410, and a first transmit/receive circuit 420 periods, no valid data is transferred over wire pairs 405^^ 

which is coupled to both the transmitter 406 and the receiver 4QSb, and 405c while the data enable signal remains inac- 

410. In this preferred embodiment, a TDMS communica- five. It is during this extra time period that digital data may 

tions protocol is used to transfer digital pixel data from be transferred back to the processor 401 from the display 

processor 401 to a video display terminal 402 Accordingly, 40 terminal 402 in a reverse direction using the present inven- 

the processor is coupled to a video display terminal 402 tion, 

through four twisted wire pairs 4Q5a-d, Preferably, the As shown in the preferred embodiment illustrated in FIG. 

video display terminal 402 is an active matrix flat panel 5, the processor 401 includes a transmitter 406, a receiver 

display; however, it is understood that any other video 410 unit, and a first transmit/receive circuit 420 ooupled to 

display terminal may be used in alternate embodiments, so 45 both the transmitter 406 and the receiver 410. As explained 

long as the communications between the processor 401 and above, the display terminal 402 also includes a receiver 407, 

the display terminal 402 arc in a digital format. The four a transmitter 415, and a second transmit/receive circuit 430 

twisted wire pairs 40Sa-d are preferably implemented coupled to both the receiver 407 and the transmitter 415. 

within a single cable assembly. Four twisted wire pairs 40Sa-d are coupled between the 

The display terminal 402 includes a receiver 407, a 50 processor and the hub system of the display terminal 402. 

transmitter 415, and a second transmit/receive circuit 430 Preferably, the four wire pairs are implemented within a 

coupled to both the receiver 407 and the transmitter 415. The single cable assembly. One twisted pair 405a is used for 

second transmit/receive circuit 430 couples incoming digital transmitting red digital pixel data and control signals from 

pixel data to the receiver 407, which receives the incoming the processor 401 to the display terminal 402, a second 

digital pixel data and routes the data to row and column 55 twisted pair 40Sb used for transmitting green digital pixel 

driver circuitry within the display terminal 402. Implemen- data and control signals from the processor 401 to the 

tation of row and column driver circuitry is well known in display terminal 402, a third twisted pair 405c is used for 

the art and is not an aspect of this invention. Accordingly, the transmitting blue digital pixel data and control signals from 

display terminal 402 may embody any type of row and the processor 401 to the display terminal 402, and a fourth 

column driver circuitry known in the art for producing a 60 twisted pair 4QSd is used for transmitting a differential clock 

displayed image on the display terminal 402. The transmitter signal from the processor 401 to the display terminal 402. 

415 in the display terminal 402 receives incoming digital As explained above, the red, green and blue digital pixel 

data from a number of peripherals which may be coupled to data is transferred from the processor to the display terminal 

the display terminal 402 and transmits this digital data whenever a data enable signal is active. However, when the 

through the second transmit/receive circuit 430 to the pro- 65 data enable signal is inactive, the first and second twisted 

cessor unit 401. These peripherals may include a keyboard, wire pairs 405fl and 4QSb are used for transmitting digital 

a mouse, a digital camera, or a pair of audio speakers. It is data from any number of peripherals which may be coupled 
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to the display terminal 402 to the processor 401. The third display terminal 402 will first transmit a synchronization 

twisted wire pair is preferably used to mark the beginning pulse in the opposite direction in order to ensure synchro- 

and ending of that portion of the horizontal or vertical video nization at the receiver 410 in the processor 401. The 

blanking period which may be used for bidirectional data transmitter 415 in the display terminal 402 then begins 
transfer. 5 serially transmitting digital data in a reverse direction over 

Alternatively, all three lines may use for bidirectional data the first and second twisted wires pairs 405fl and 4056 to the 

transfer. In this embodiment, the system has horizontal and receiver 410 in the processor 401. The digital data is routed 

vertical video blanking periods of known duration. Digital f^^j^ ^ny one of several peripherals which may be coupled 

pixel data may be transferred in a reverse direction &om the ^ the display terminal 402. 

peripherals to the processor during the useable portion of m *i. j r i_i i • • j 

These video blanking periods and aU lines may be pro- '° °^ the blankmg period Uie processor 401 

grammed to automatically switch back and forth from ^^"'i,*? 1'^.?-^^^ 

forward to reverse direction and then back again at prede- f ^ 

termined time intervals during the horizontal and vertical transmit/receive circuit 420 once agam reroutes the first and 

video blanking periods second dual wire pairs 405a and 405/> to the transmitter 406 

CTi-^c r Ml * i *u * • • rj- • in the processor 401 When received at the display 402, the 

FIGS. oa-oD illustrate the transmission of digital data m T^xTTMir axtv • i - * * *i. j- i * • \ 

. . c J i.j-.rt- ENDBLANK signal instructs the display terminal to stop 

a reverse du-ection m a first preferred embodiment of the t,o„c.r„;*f,'r,„ A^tT ;„ 

, transmittmg data in the reverse direction and the second 

present mvention. In this first preferred embodiment, digital * -w • • •* ^-sn • . .u ^ * j 

*j . , J . J- i. A . transmit/receive cu-cuit 430 once agam reroutes the first and 

data IS ransmjtted m a reverse direction over the fist and 4^5^ ^ ^^.^^^ ^ ^ 

^cond twisted^e pairs from the display temiiiial 402 to ^ic display terminal 402. The display terminal 402 switches 

the processor 401, and the third twisted wire pair 405c is ■ . • . . . • .u 

J , , , ' , , ^. r . • , . mto receive mode and prepares to receive the next trans- 
used to track the usable portions of the honzDntal and ^^^^ „j jj^^^j ^^^^^^^ ^ ^^^^ 

vertical video blanking periods which may be used for paiis 40Sfl, 405Z, and 405c. Accordingly, the 

transmitting digital data m a reverse direction over fines tu-^A • • auc • j * • i u .u 

4t\e J AneL A 1 • j i- 1 11 11 "^"^d twistcd Wire pair 405c is used to signal when the 

44J5fl and 4U5a As explamed earher, when the data enable ui i • • j u • j j j * i ^ 

. J- ri - tj* ' J blankmg penod begins and ends, and controls the transmis- 

signal IS mactive, digital pixel data is not transmitted from „ ^fAJi^ tul fi«f .»a .^^»a t«»ef*^ « am^ 

- ^ AiY^ J • *u i_ • . 1 J sion 01 data over the first and second twisted wire pairs 405a 

the proce^r 402^This occurs durmg the honzon aj and ^^Si, in the reverse direction. TTie transmitted clock 

verUcalvideoblantangperiods.Durmg these video blanking i ^ j information to 

r^lnZ^l^ ^er" '■'^^anrt^J^'^^Tf '"■^■"i' data in theTckwards direction. In this 

OH., fo fol,^ h "^T y ' f .t ' 1^' '° embodiment, the backwards transmitted data has its own 

order *to forward synchronize the Imes for the next trans- . • , . - i_ * *i- u r xi_ j . • 

. • . u • T^T^o re-synchronization pulse which sets the phase of the data m 

missionof digital pixel data. Once again, as shown m FIGS. *u * •* ■ ^ *u j j- 

£ £u u 1- 1 r the same way that it is for the forward direction, 
oa-oo, the re-synchronization pulse is only a fraction of the 

entire video blanking period whether the period is horizontal ^ preferred embodiment, the clock signal in the pro- 
or vertical. During the remainder of the video blanking 35 lessor 401 is used to control the receipt of digital data over 

period the twisted wire pairs 405a, 405fc and 405c will ^ signaling lines 405fl and 405b in the reverse 

ordinarily remain inactive until digital pixel data for a next du-ection. as well as control the transmission of digital 

line or a first fine in a next image to be displayed is information over the third line 405cm the forward direction, 

transmitted. It is during this time that bidirectional data Alternatively, the display terminal 402 may have its own 

transfer is accomplished using the present invention. 40 ®^eoal generator and one of the fines 405a or 405^> may 

In the preferred embodiment iUustrated in FIGS. 6a-^b, "^^^ ^'/n^'"^/ * ^^^l ^'TJ*"^ ^^P^'^ 

during the video blanking period the first and second twisted ^1 P^^^^^^^or 401in order to transmit digital data m a reverse 

wire pairs 405a and 405^ are used for transmitting digital ^ ^^^^^^ 

information from peripherals coupled to the display terminal transmission of digital data in the reverse direction 

402 in a reverse direction to processor 401. As shown in 45 second twisted wire pairs 405a and 405b 

FIGS. 6a~k immediately foUowing the transmission of the °°^y P^^^. ^ fraction of time. Accordingly, in a 

forward direction re-synchronization pulses over all three preferred embodiment, digital data which is to be transferred 

twisted wire pairs 405a, 405/? and 405c, the processor 401 ^ reverse direction from the display terminal to the 

causes the first transmit/receive circuit 420 to reroute the processor is preferably gated or buffered in a first-in-first-out 
first and second dual wire pairs 405a and 405& to the 50 memory until the horizontal or vertical video blanking 

receiver 410 in processor 410. The processor 401 also periods occur. This allows the digital data to be accepted at 

transmits a start blanking pulse STARTBLANK over the ^^^^ *® peripherals and stored in the display 402 

third wire pair 405. FIG. 6b shows the transmission of ^ transmitted when the reverse channels are 

STARTBLA^^K over the third dual wire pair 405c. When available. 

received at the display 402, the start blanking pulse START- 55 Although FIGS. 5 and 6 have described the preferred 

BLANK causes the second transmit/receive circuit 430 to embodiment with reference to a system which uses TDMS 

reroute the first and second wire pairs 405a and 405b to the communications and four twisted wire differential pairs, it is 

transmitter 415 in display 402, thereby allowing digital data understood the embodiment is nearly identical in a system 

to be transmitted over these two dual wire pairs 405a and using LVDS and five twisted wire pairs. In such an 
4056. Digital data may then be serially transmitted from the 60 embodiment, these wires pairs are then available for the 

transmitter 415 of the display terminal 402 to the receiver reverse transmission with the fourth wire pair used for 

410 of the processor 401 via the first and second twisted wire signaUng those portions of the horizontal and vertical video 

pairs 405a and 405/?. blanking periods which may be used. The fifth wire pair 

As shown in FIGS, 6a and 6b, once the STARTBLANK would be used for transmitting a clock signal 
signal is received at the display termuial 402, the display 65 FIG. 7 illustrates another preferred embodiment for 

terminal 402 begins transmitting data over the first and implementing the present invention for convenience. For 

second twisted wire pairs 405 in a reverse direction. The convenience, FIG. 7 illustrates the implementation over a 
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single twisted wire pair, and it is understood that in a system 
utilizing TDMS communications all four twisted wire dif- 
ferential pairs may include the design set forth in FIG. 7 or 
in a system utilizing LVDS communications all five twisted 
wire differential pairs may include the design set forth in 5 
FIG. 7. 

As shown, a twisted wire pair 700, is coupled between the 
processor 701 and the display with built in hub system 702 
for bidirectional transfer of information. Digital pixel data is 
transferred in a forward direction from the processor 701 to 
the display with built in hub system 702 whenever a data 
enable signal is active. When digital pixel data is transferred 
in the forward direction, transistors XI and X2 in the 
processor 701 are activated as digital pixel data is applied to 
their gates, while transistors XS3 and XS4 remain inactive, 
Transistors XSl and XS2 in the display are also activated, 
while transistors XRl and XR2 are inactive. As the transis- 
tors XI and X2 in the processor 701 arc activated, the 
voltages at the inputs to the amplifier AMPl in the display 
with built in hub system 702 are modulated and the output 20 
from the amplifier AMPl reflects the changes in digital pixel 
data applied to the gates of transistors XI and X2. 

During the horizontal or vertical video blanking periods, 
after the synchronization pulse has been transmitted, the 
transistors XI and X2 in the processor 701 are turned off and 25 
the transistors XS3 and XS4 in the processor are turned on. 
On the display 702 side, the transistors XSl and XS2 are 
each turned off, while the transistors XRl and XR2 are 
activated as digital pixel data received from peripherals 
coupled to the hub system of the display 702 is applied to 30 
their gates. As the transistors XRl and XR2 in the processor 
701 are activated with digital pixel data, the voltages at the 
inputs to the amplifier AMP2 in the processor 702 are 
modulated and the output from the amplifier AMP2 reflects 
the changes in digital pixel data applied to the gates of 35 
transistors XRl and XR2. Digital data is thus transmitted in 
a reverse direction over the twisted wire differential pair 
until the end of the horizontal or vertical video blanking 
period. It is understood, that altemate embodiments may 
exist for transferring digital data in a reverse direction. 40 

FIGS, SaSc; illustrate a preferred embodiment wherein 
digital data may be transferred in a reverse direction from 
the transmitter 415 in the display 402 to the receiver 410 in 
the processor 401. In this embodiment, the start and stop 
times of the switching are predetermined and last for a 45 
predetermined number of clock cycles. The structure of this 
embodiment may be identical to that shown in FIG, 5 or 
FIG. 7, except that in this particular embodiment, all three 
data lines 405a-c in a TDMS system (or all four data lines 
in a LVDS system) can switch orientation for a predeter- 50 
mined length of time. In order for all the data lines to be used 
for transmitting digital data in a reverse direction, the 
receiver 407 in the display 402 wiU include a counter which 
is coupled to the incoming clock signal from the dedicated 
clock line (line 40Sd in FIG. 4). This counter keeps track of 55 
the number of clock pulses which are transmitted over the 
dedicated clodc line. In this embodiment the horizontal and 
video blanking periods are each of a known duration or 
length of time (which is measm^ed in clock pulses) and 
transfer of digital data in a reverse direction is controlled by so 
the clock signal. 

Immediately following the transmission of the forward 
synchronization pulse from the transmitter the processor 401 
reroutes all three of the dual wire pairs 405fl-c to the 
receiver 410. The forward synchronization pulse is then 65 
received at the receiver 407 in display 402. Immediately 
following receipt of the synchronization pulse, the display 
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402, reroutes all three twisted wire pairs 405a-c to the 
transmitter 415 and the reverse transmission of digital data 
can ensue. Preferably, a reverse synchronization pulse will 
be translated over each line to ensure synchronization of 
received data with the clock in the processor 401. 

In the preferred embodiment illustrated in FIGS, SaSc, 
the horizontal and vertical video blanking periods last for a 
predetermined number of clock periods and the display 402 
includes a counter for tracking the number of clock signals 
received. 

FIG. 8d shows the clock pulse which is transmitted from 
the processor 401 to the display 402 over a separate line. 
When last clock signal in the video blanking period is 
received the transmitter 415 in the display 402 stops trans- 
mitting digital data in a reverse direction and the display 402 
reroutes the three signal hnes 405a-c to the receiver 407 in 
display 402. Accordingly, FIGS. Sa-d illustrate that on the 
rising edge of the last clodc pulse in transmitted during the 
video blanking period (horizontal or vertial) the data trans- 
mission in the reverse direction stops over all three data 
lines. The processor then automatically reroutes the data 
lines 40Sa-~c to the transmitter 406 in the processor 401, and 
the processor 402 will begin to transmit digital pixel data for 
a next line, or a first line in a next frame, to the display 402. 

Although digital data is only transmitted in a reverse 
direction during the video blanking period, the transmission 
rate and the number of blanking periods per second allow for 
most applications. In a preferred embodiment, the data rate 
for an XGA (1024x768) display at 24 bits per pixel (8 bits 
per red, green and blue subpixels) and 60 Hz refresh is 142 
MBytes per second. Accordingly, if the horizontal and 
vertical blanking periods are used for transmitting digital 
data in the reverse direction (with approximately 10% of the 
blanking period used for overhead to switch data flow 
direction) then a reverse data rate of 21 Mbytes per second 
can be achieved. 

What is claimed is: 

1. A method for communicating bi-directionally between 
a processor, a video display monitor, and at least one 
peripheral coupled to the video display monitor comprising 
the steps of: 

transmitting a first row of digital pixel data from the 
processor to the video display monitor in a first direc- 
tion over a plurality of signaling lines when a data 
enable signal is in a first state; 

transmitting digital data from the at least one peripheral to 
the processor in a second direction over at least one of 
the plurality of signaling lines when the data enable 
signal is in a second state, and 

transmitting a second row of digital pixel data from the 
processor to the video display monitor in the first 
direction over the plurality of signaling lines when the 
data enable signal returns to the first state. 

2. The method of claim 1, wherein the plurality of 
signaling lines includes a first line for transmitting red 
digital pixel data in the first direction, a second line for 
transmitting green digital pixel data in the first direction, a 
third line for transmitting blue digital pixel data in the first 
direction and a fourth line for transmitting a first clock signal 
in the first direction, and further wherein the first and second 
lines are used for transmitting digital data from the at least 
one peripheral to the processor in the second direction when 
the data enable signal is in the second state. 

3. The method of claim 2 wherein the third line is used to 
control the transmission of digital data from the at least one 
peripheral to the processor in the second direction when the 
data enable signal is in the second state. 



09/26/2004, EAST Version: 1.4.1 



us 6,564,269 Bl 

11 12 

4. The method of claim 1, wherein the plurality of 11. The system of claim 10, wherein the third line is used 
signaling lines includes a first line for transmitting red to control the first and second switching networks, 
digital pixel data in the first direction, a second line for 12. The system of claim 9, wherein the plurality of 
transmitting green digital pixel data in the first direction, a signaling lines includes a first line for transmitting red 
third line for transmitting blue digital pixel data in the first 5 ^^^^ ^^^^ ^ ^^^^ ^^^^^ ^ ^^^^ 
direction and a fourth Ime for transmittmg a first clock signal , .f. j- 1 • 1 j . • V ^ j- 

in the first direction, and ftirther wherek the first, second, tr^^^^ttmg green digital pixel data m the first direction, a 

and third lines are used for transmitting digital data from the ^^^'^ ^"^^ transmitting blue digital pixel data in the first 

at least one peripheral to the processor in the second direction and a fourth line for transmittmg a first clock signal 

direction when the data enable signal is in the second state, lo ^ the first direction, and further wherein the first, second, 

5. The method of claim 2 wherein the fourth line is used and third lines arc used for transmitting digital data from the 
to control the transmission of digital data from the at least at least one peripheral to the processor in the second 
one peripheral to the processor in the second direction when direction when the data enable signal is in the second slate, 
the data enable signal is in the second state. 13, system of claim 12, wherein the fourth line is used 

6. The method of claim 2 wherein the number of clock 15 ^ control the first and second switching networks. 

pulses transmitted over the fourth line is used to control the i>i Tn,„ „p 1 • i'> u • u 1: 1 1 

f . . r J- I J . f -LI 14. The method of claim 12 wherein the number of clock 

transmission of digital data from the at least one peripheral , , . , , .t. r t. ,• • 

« *u • ii_ J J- i_ .1- J . LI pulses transmitted over the fourth line IS used to control the 

to the processor m the second direction when the data enable ^ . ^. - , . . ^^^^ kajuukji lu.^ 

signal is in the second state. transmission of digital data from the at least one peripheral 

7. A system for communicating bi-directionaUy between 20 *o processor in the second direction when the data enable 
a processor and a video display monitor comprising: signal is in the second state. 

a transmitting unit witiiin the processor for transmitting 15. The system of claim 9, wherein the plurality of 

digital pixel data from the processor to the video signaling lines includes four differential pairs which are used 

display monitor in a first direction over a plurality of for transmitting red, green and blue digital pixel data in the 

signaling lines, wherein the digital pixel data is trans- ^5 fljst direction and a fifth differential pair for transmitting a 

mitted from the processor to the video display monitor first clock signal in the first direction, and further wherein 

whenever a data enable signal is in a first state, ihe four differential pairs are used for Uansmitting digital 

a receiving unit within the processor for receiving digital data from the at least one peripheral to the processor in the 

data transmitted from a peripheral coupled to the dis- second direction when the data enable signal is in the second 

play monitor in a second direction over at least one of g^^jg 

the plurality of signaling lines, wherein the digital data ^j^^ ^5 ^^^^^.^ ^j^^ j 

It transmitted from the video display momlor lothe j^.^t.^.^ , 

processor when tiie data enable signal is in a second ^ ^ i° '"'^ '"^''^""^ 

state, and the first and second states are enabled for system of claim 16 wherein the number of clock 

each row of digital data transmitted. P^^es transmitted over the fiftii differential pair in the first 

8. The system of claim 7, further comprising: direction is used to control the transmission of digital data 
a receiver within the display monitor for receiving digital at least one peripheral to the processor in the 

pixel data transmitted from the processor to the video second direction when the data enable signal is in the second 

display monitor in the first direction over the plurality ^ state. 

of signaling lines; and 18. The system of claim 9, wherein the plurality of 

a transmitter within the display monitor processor for signaling tines includes four differential pairs which are used 

transmitting digital data received from the peripheral for transmitting red, green and blue digital pixel data in the 

coupled lo the display monitor in a second direction first direction, and frirther wherein the three of the four 

over at least one of the plurahty of signaling lines when 45 differential pairs are used for transmitting digital data from 

the data enable signal is in a second state. 4i, 1 •* * *u • *u j j- 

a TT,« ^„ct^ e o A • • display monitor to the processor in the second du-ecUon 

9. The system or claim 8 further comprismg: l l « 

- ^ , . ^ , , , t . when the data enable signal is m the second state, 
a first switchmg network coupled between the transmit- 19.Thcsystcmof claim 10, wherein the fourth differential 
ting unit and the receiving unit m the processor for , . / xv, vruvi^^ui iii^iuuiiuuiiiviwuuai 
switching operations between the transmission of digi- 50 P""' ""^"^ ^ '^''^'^^ switchmg networks, 
tal pixel data to the di^lay monitor and the reception' ^0. A system for bi^irectiooally transferring digital data 
of digital data from the display monitor; and *o ^om a video display monitor, comprising: 
a second switching network coupled between the trans- a processor for transmitting digital pixel data to the video 
miller and the receiver in the display monitor for display monitor in a first direction over a plurality of 
switching operations between the reception of digital 55 signaling lines, wherein the digital pixel data is trans- 
pixel data from the processor and the transmission of milted from the processor to the video display monitor 
digital data to the processor. whenever a data enable signal is in a first state, and 
10 The system of clami 9 wherein the plurality of ^^^^^^ ^^^^ ^^^^ transmitted from the display 
signahng fines mcludes a first fine for transmitting red ....... , ^ / 

digital pixel data in tiie first direction, a second line for 60 .^^^^^ ^^^^^ 

transmitting green digital pixel data in the first direction, a plurahty of signahng lines, wherein the digital data it 

third line for transmitting blue digital pixel data in the first transmitted from the video display monitor to the 

direction and a fourth line for transmitting a first clock signal processor when the data enable signal is in a second 

in the first direction, and further wherein the first and second state, and the first and second states are enabled for 

lines are used for transmitting digital data from the display 65 each row of digital pixel data transmitted, 

monitor to the processor in the secxind direction when the 21. TTie system of claim 20 wherein the display monitor 

data enable signal is in the second state. includes a buiU-in hub system for coupling to at least one 
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peripheral, wherein the hub system receives the digital data 
from the at least one peripherals and transmits the received 
digital data from the display monitor in a second direction 
over at least one of the plurality of signaling lines to the 
processor when the data enable signal is in a second state. 
22. A computer program product comprising: 

a computer useable medium having computer readable 
code embodied therein for a bi-directionally transfer- 
ring data back and four between a processor and a video 
display terminal, the computer readable code causing 
the processor to: 

generate a data enable signal capable of being in either 
a first state or a second state; 
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transmit digital pixel data over a plurality of signal 
lines in a first direction toward the video display 
terminal if the data enable signal is in the first state; 
receive digital data over the plurality of signal lines in 
5 a second direction from the video display terminal if 

the data enable signal is in the second state; and 
enable the first and second states for every row of 
digital pixel data. 
23, The computer program product of claim 22, wherein 
10 the computer readable code further causes the processor to: 
transmit a clock signal over a dedicated line in the first 
direction toward the video display terminal. 

* « 4e * « 
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